Unilateral or bilateral raised hemidiaphragms were observed on chest X-ray in three patients with severe tetanus. Diaphragmatic movement was absent on ultrasonography and fluoroscopy. Nerve conduction study confirmed phrenic nerve palsy. Bilateral involvement caused delayed weaning from the ventilator, whereas unilateral involvement was asymptomatic. There was complete recovery from phrenic nerve palsy in all patients.
Tetanus is caused by the neurotoxin liberated by Clostridium tetani, a gram-positive obligatory anaerobe 1 . It is diagnosed by a history of injury followed by lockjaw, dysphagia, risus sardonicus, neck, abdominal and paraspinal rigidity, opisthotonus, and generalized muscle spasms in a conscious patient 1, 2, 3 . Peripheral neuropathy is a known but rare complication of tetanus 4, 5 . Phrenic nerve involvement has not been previously reported in tetanus patients. We observed phrenic nerve palsy in three of the 127 cases of tetanus admitted to our Adult Tetanus Unit in the last four years.
CASE 1
A 20-year-old unimmunized labourer presented to the hospital eight days after sustaining a laceration to his right foot, with increasing difficulty in opening the mouth and stiffness of the neck. A diagnosis of tetanus was made and 500 IU and 250 IU of Human Tetanus Immunoglobulin was administered intramuscularly and intrathecally respectively. CSF examination ruled out meningitis. A 70 cm long central venous catheter was introduced from the right antecubital vein. He was sedated with intravenous diazepam 5 mg every six hours. As the trismus and rigidity increased, the dose and frequency of diazepam administration were increased (maximum 250 mg per day). Once the patient developed generalized tetanic spasms, the airway was secured initially by tracheal intubation, followed by tracheostomy. Intravenous morphine (5 mg every 4-6 hours) was added alternating with diazepam. As the intensity and frequency of spasms increased, the patient was paralysed with pancuronium (1-2 mg/h) and mechanically ventilated. Crystalline penicillin, gentamicin and metronidazole were administered parenterally for seven days.
On the eleventh day, as the spasms subsided, the muscle relaxant was stopped, sedation was tapered, and weaning from the ventilator was started. However, repeated attempts at weaning failed. The patient had low tidal volume, high respiratory rate (>30 per minute), jerky and laboured respiration, and P a O 2 of 68 and P a CO 2 of 60 mmHg (FIO 2 0.6). There was no significant pulmonary infection or gross motor weakness. A review of all chest X-rays demonstrated persistently raised domes of diaphragm.
Diaphragmatic movements were absent bilaterally on bedside ultrasonography. A diagnosis of bilateral diaphragmatic paralysis due to phrenic nerve palsy was made. Mechanical ventilation was continued until the fifth week and then the patient was successfully weaned. His trachea was decannulated on the 45th day and he was discharged two days later, after X-ray and fluoroscopy of the chest confirmed normal position and movements of the diaphragm.
CASE 2
A 20-year-old unimmunized farmer was admitted to the Adult Tetanus Unit with difficulty in opening the mouth, neck and body rigidity and generalized spasms. He had no history of a recent injury, but had otorrhoea since childhood. The patient received Human Tetanus Immunoglobin, diazepam, morphine and pancuronium and mechanical ventilation after securing airway as per the departmental protocol for tetanus described in Case 1. Right subclavian vein cannulation was performed after institution of mechanical ventilation. He received ciprofloxacin, gentamicin and metronidazole for seven days. Serial chest X-rays showed elevation of the right dome of diaphragm. Bedside ultrasonography ruled out hepatomegaly, subdiaphragmatic collection or pleural effusion. By the third week, the generalized spasms subsided and the patient was successfully weaned from the ventilator. The chest X-ray still showed a raised right dome of diaphragm and ultrasonography and fluoroscopy at this time confirmed absence of movement. A nerve conduction study was performed on the 23rd day by stimulation of the phrenic nerve in the neck and recording the compound motor action potential in the diaphragm. It showed decreased amplitude and increased latency on the right side, confirming right phrenic nerve palsy. Left phrenic nerve conduction was normal.
The patient was discharged from hospital on the 38th day after decannulation of his trachea. During a follow up visit 15 days later, his chest X-ray and fluoroscopy showed normal position and movement of right dome of diaphragm.
CASE 3
A 55-year-old mechanic was admitted to the Adult Tetanus Unit with difficulty in mouth-opening, increased body rigidity and occasional generalized spasms. He had injured his left ring finger eight days previously and had not received immunization for tetanus. He was admitted to the Unit and managed in a manner similar to that described for Cases 1 and 2. His right subclavian vein was cannulatd after he was mechanically ventilated. While reviewing his chest Xrays, the right dome of diaphragm was found to be significantly raised compared to the left.
Ultrasonography ruled out intra-abdominal pathology. At the end of the second week spasms subsided and the patient was weaned from mechanical ventilation. However the chest X-ray and ultrasonography still showed a raised right dome along with absence of movement of right diaphragm. By the end of third week, the patient became ambulatory and his trachea was decannulated. An X-ray and fluoroscopy of the chest before discharging the patient showed normal position and movement of the diaphragm.
DISCUSSION
Tetanus is a preventable disease. Active immunization with tetanus toxoid has dramatically reduced the incidence of tetanus even in developing countries. Though the number of cases of tetanus has decreased, atypical presentation and unusual complications are still observed 2,3,6 .
Tetanus bacillus secretes two toxins, tetanospasmin and tetanolysin. Tetanolysin cause local tissue damage while tetanospasmin is responsible for the clinical syndrome of tetanus 1 . Tetanospasmin acts first on the neuromuscular endplate. After entering the presynaptic terminal and inhibiting neurotransmitter release, it is capable of retrograde transport to the cell body and neurones of CNS 7 . The major central inhibiting systems of glycinergic and GABAergic neurones are particularly sensitive to tetanospasmin. Thus the failure of central inhibition results in generalized contraction of agonist and antagonist musculature, characteristics of a tetanic spasm 7 . The amount of tetanus toxin determines the severity of the disease. A small amount reaches the anterior horn cells to produce local spasm of muscle around the wound as the first symptom. When the volume is large it enters the circulation and is distributed throughout the body to cause generalized body spasm 2, 5 .
Neuropathy is known to occur in tetanus but is less common. It occurs only in severe cases and is not due to secondary factors such as serum neuritis or drugs 5 . It can present as polyneuropathy, mononeuropathy or as cephalic tetanus involving cranial nerves. A few cases of peripheral neuropathy such as common peroneal nerve palsy have been reported in tetanus 4, 6 . However a literature search using "MEDLINE" did not find any reports of phrenic nerve palsy related to tetanus.
Most cases of phrenic neuropathy reported in literature are due to the injury to the nerve during neck surgery, open-heart surgery or lung transplant surgery 8, 9, 10 . Subclavian vein cannulation can also lead to phrenic nerve palsy due to either direct injury of the nerve or due to local anaesthetic infiltration of the area 11 . Of the three cases reported here, subclavian vein cannulation was performed in the second and third patients. However, subclavian cannulation is unlikely to be the cause of phrenic nerve palsy in these patients, as the raised diaphragm was observed in chest X-rays performed prior to the placement of central venous catheters.
Paralysis of the diaphragm may be suspected clinically when there is shallow and laboured respiration along with paradoxical movement of chest and abdominal wall during spontaneous respiration 12 . This may not be apparent when the patient is paralysed or is on mechanical ventilation. The radiological finding of elevation of one or both diaphragms raises the suspicion of phrenic nerve involvement. Paralysis of the right hemidiaphragm on X-ray is suspected when it is raised more than two rib spaces higher than the left hemidiaphragm and paralysis of left hemidiaphragm when it is elevated more than one intercostal space higher than the right hemidiaphragm 12 . Besides diaphragmatic paralysis, raised diaphragm can occur due to subdiaphragmatic fluid collection, pleural effusion or lower lobe atelectasis.
Ultrasonography and fluoroscopy are used to diagnose in diagnosis of phrenic nerve palsy. ultrasonography should be performed in patients when there is a suspicion of diaphragmatic paralysis. In these cases, it showed absence of diaphragmatic movements and excluded subdiaphragmatic pathology and pleural effusion in all three patients. Fluoroscopy can also demonstrate decreased or absent diaphragmatic movements and paradoxical movement of diaphragm during spontaneous respiration. We could perform fluoroscopy only when the patients were ambulatory. Phrenic nerve stimulation and recording the compound motor action potential of the diaphragm confirms phrenic nerve palsy as the cause of diaphragmatic paralysis 12 . Partial or complete paralysis can also be diagnosed by this method 12 .
The test requires only a few seconds of ventilator disconnection and does not need patient cooperation. As we do not have the facility for bedside nerve conduction study, it could not be done in the patient (Case 1) who was on ventilatory support and could not be mobilized.
Unilateral diaphragmatic paralysis may be asymptomatic. Our second and third patientss were asymptomatic and did not pose any problem during weaning from mechanical ventilation. Unilateral diaphragmatic paralysis may give rise to respiratory inadequacy only if there is an associated pulmonary problem 13 . Moorthy et al reported two cases of unilateral phrenic nerve palsy after neck dissection. The patients developed increased alveolar-arterial oxygen difference and hypoxaemia requiring oxygen supplementation but did not require ventilatory support 14 . Similowski suggested that unilateral phrenic nerve injury may not pose any problem in weaning of the patient but if there is a sudden increase in load e.g. atelectasis or increased airway resistance, it may expose the patient to the risk of acute respiratory failure 15 . However bilateral phrenic nerve involvement may cause respiratory failure and lead to a point where weaning from the ventilator may prove difficult 15 . We encountered a similar difficulty in the first patient in whom weaning from ventilator was delayed until the fifth week.
Neuronal binding of tetanospasmin is irreversible. Return of motor function requires sprouting of the terminal end of the motor neurone to produce new synapses, which explains the prolonged duration of the disease and recovery 1, 4 . Recovery from phrenic neuropathy is also expected to occur by sprouting of new nerve terminals. In our patients recovery from phrenic neuropathy occurred in three weeks in patient 3 and more than six weeks in the other two patients.
In conclusion, an elevated diaphragm on chest X-ray in a patient suffering from severe tetanus should raise a suspicion of phrenic nerve involvement. It should be confirmed by ultrasonography, fluoroscopy and nerve conduction studies. When it is bilateral, difficulty in weaning from mechanical ventilation should be anticipated and managed accordingly.
